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FIG. 




LLI 



Printed by Xerox (UK) Business Services 
2.16.3/3 4 



EP 0 853 142 A1 

Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to a metal material having a photocatalytic activity and a method of manufacturing the 
metal material, and more particularly, to a metal material containing titanium having a high photocatalytic activity on the 
surface thereof and having excellent designing properties and a method of manufacturing the metal material 

10 

Description of the Related Art 

It has been known that an n-type semiconductor such as titanium oxide exhibits a photocatalytic function with light 
having a specific wavelength and that this n-type semiconductor has deodorizing and antifungal functions due to its 
15 strong oxidizing function. 

Conventionally, as photocatalysts having a semiconductor function, there have been used titanium oxide iron 
oxide, tungsten oxide, silicon oxide, etc. or these oxides bearing a metal such as platinum for the purpose of improving 
their catalytic functions. Further, in order to utilize the deodorizing and antifungal functions of these materials these 
materials are divided into fine particles and a fixed layer is formed on the surface of the fine particles or the fine particles 
20 are dispersed into an object material to be processed. 

As methods for coating a finely divided photocatalyst onto a substrate in order to provide a metal material with deo- 
dorizing and antifungal functions by utilizing the photocatalyticic function, a spray coating method, a dip coating method 
and a spin coating method are known. However, a layer formed by coating a fine-particle dispersion lacks uniformity 
from a microscopic observations. Therefore, the layer has such a problem that the efficiency of the photocatalytic func- 
tion is poor, the layer strength is not sufficient and the adhesiveness to a substrate is not sufficient so taht the layer has 
insufficient stripping resistance resulting in the layer being damaged or peeling off with time. 

In order to achieve a sufficient strength of a thin layer having the photocatalytic activity, there has also been pro- 
posed a method of anodically oxidizing a metal material substrate composed of titanium or a titanium alloy to form a 
titanium oxide layer on the surface of the substrate. It is known that an anodized layer formed on the metal material 
including titanium exhibits various colors depending on the layer thickness. Since the thickness of an anodized layer is 
approximately proportional to an anodic oxidation potential, it is possible to obtain metal materials having various colors 
by controlling the oxidation potential and to obtain a metal material having a desired color to meet objectives by adjust- 
ing the oxidation potential, and the metal materials thus obtained are desirable in light of designing. 

It has been known that the photocatalytic activity is revealed by heating an anodized layer at a predetermined tem- 
perature and a photocatalytic characteristic can be controlled by the heat processing conditions. However, there has 
been a problem that when the heat processing is carried out at a temperature above 600 °C which is an optimum tem- 
perature for achieving an excellent photocatalytic activity, the thickness of the anodized layer formed becomes thick and 
forms a grey color hue so that when the metal material is used as a construction material, the designing property is seri- 
ously deteriorated. »r-t* 
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SUMMARY OF THE INVENTION 

The present invention has been made in consideration of the above-described problems, and. it is an object of the 
present invention to provide a metal material which is excellent in photocatalytic activity such as deodorizing and ster- 
ilizing functions and the like, which has a high strength and durability that can be used for a construction material and 
the like, and which can manifest a hue and luster to meet various purposes with excellent designing characteristics. It 
is a second object of the present invention to provide a simple method for manufacturing a metal material having excel- 
lent durability, deodorizing and sterilizing effects and designing properties. 

A metal material having a photocatalytic activity of the present invention is provided by sequential laminating an 
anodized layer and a thin layer containing titanium oxide powder on the surface of a substrate composed of a metal 
material containing titanium. 

The anodized layer of the metal material having a photocatalytic activity of the present invention is preferably heat 
processed. 

The thickness of the anodized layer of the metal material having a photocatalytic activity of the present invention is 
preferably 200 to 5000 A and the thickness of the thin layer containing the titanium oxide powder is preferably 200 A to 
2 urn. 

The metal material having a photocatalytic activity of the present invention has the substrate of the metal material 
containing titanium preferably including at least one element selected from the group consisting of elements in Group 



2 



EP 0 653 142 A1 

5 to Group 1 1 and Group 14 in the Periodic Table in an amount of 0.005 to 2.0 % by weight based on the total weight 
of the substrate. 

A metal material having a photocatalytic activity of the present invention preferably comprises at least one of Ni, Ru 
and Cr by 0.005 to 2.0 % by weight based on the total weight of the substrate. 

5 A metal material having a photocatalytic activity of the present invention wherein the potential at which an anode 
current becomes 5 x 10' 2 mA/cm 2 or more in a passive state region is 3 V or below for Ag/AgCI (silver/silver chloride 
reference) when the metal material containing titanium is measured by anodic polarization in an aqueous phosphoric 
acid solution of 1 % by volume at 25 °C. 

A metal material having a photocatalytic activity of the present invention preferably has an anodized layer on the 

10 surface of a substrate comprising a metal material containing titanium, and metal oxide particles having a particle diam- 
eter ranging from 0.1 to 10 ^im and having a different composition from that of the metal material containing titanium 
are finely dispersed onto the surface of the anodized layer. 

A metal material having a photocatalytic activity of the present invention has an anodized layer on the surface of a 
substrate comprising a metal material containing a metal selected from aluminum, stainless steel and zinc, and metal 

75 oxide particles having a particle diameter ranging from 0.1 to 10 ^m finely dispersed on the surface of the anodized 
layer, and the metal oxide particles have a composition different from that of the metal material. 

A method of manufacturing a metal material having a photocatalytic activity of the present invention comprises the 
steps of : anodically oxidizing a substrate composed of a metal containing titanium to form an anodized layer on the sur- 
face of the substrate; heat treating the metal material at a temperature ranging from 200 to 600 °C to fix the anodized 

20 layer; and coating a thin layer containing titanium oxide powder onto the surface of the fixed anodized layer. 

A method of manufacturing a metal material having a photocatalytic activity of the present invention comprises the 
steps of: anodically oxidizing a substrate composed of a metal containing titanium to form an anodized layer on the sur- 
face of the substrate; coating a thin layer containing titanium oxide powder on the surface of the anodized layer; and 
heat treating the metal material at a temperature ranging from 200 to 600 °C to fix the anodized layer and the thin layer 

25 containing titanium oxide powder. 

A method of manufacturing a metal material having a photocatalytic activity of the present invention comprises a 
method for coating the thin layer including titanium oxide powder selected from the group consisting of spray coating 
method, spin coating method, dip coating method and sputtering method. 

A metal material having a photocatalytic activity of the present invention has a structure comprising a transparent 

30 layer having a photocatalytic activity composed of a coating layer containing titanium oxide powder on the surface 
thereof and an anodized layer, and an anodized layer under the coating layer having photocatalytic activity, which has 
a high adhesiveness to a substrate made of a metal material and an excellent strength, and which can be adjusted to 
a desired hue. Therefore, the metal material of the present invention has an advantage in durability superior to the con- 
ventional photocatalytic material composed of a coating layer of titanium oxide powder, and applicable to construction 

35 materials. Further, since a thin containing titanium oxide powder can be utilized as compared with the case of using an 
anodized layer singly, it is possible to obtain a sufficient photocatalytic activity even if a heat treatment is carried out at 
a low temperature of 600 °C or below at the time of forming the anodized layer. Thus, a photocatalytic effect can be 
obtained without deteriorating a high designing property achieved by controlling the layer thickness. 

Namely, according to the present invention, it is possible to obtain a metal material, by a simple method, which is 

40 excellent in all of photocatalytic activity, layer strength, adhesiveness and designing property by complementing draw- 
backs in the thin layer containing titanium oxide powder and the anodized layer. 

Further, in the case where a metal material containing which a metal selected from the group consisting of alumi- 
num, stainless steel and zinc is used as the metal of the substrate, having a similar layer structure, it is possible to 
improve peeling resistance of the surface oxidized layer and to improve wear resistance, and to improve the optical 

45 reaction by a local battery effect between the particles and the mother phase, with dispersed fine particles of metal 
oxide having different compositions in the same manner as that when the metal material containing titanium is used. 
Thus, a metal material having photocatalytic activity with excellent characteristics can be obtained. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a schematic cross sectional view showing the structure of a metal material having a photocatalytic activity 
according to the present invention. 

Fig. 2 is a schematic view of an anodically oxidizing apparatus. 

Fig. 3 is a schematic view showing a coating apparatus according to a spray pyrolysis method. 
55 Fig. 4 is a graph showing the relationship between the photocatalytic activity (an amount of iodine generated) of a 
metal material obtained by using a pure titanium substrate and spraying time of titanium oxide. 

Fig. 5 is a graph showing the relationship between the photocatalytic activity (an amount of iodine generated) of a 
metal material obtained by using a substrate carrying palladium thereon titanium and spraying time of titanium oxide. 
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Fig. 6 is a graph showing an anodic polarization curve of various titanium alloys in an aqueous phosphoric acid 
solution of 1 % by volume at 25 °C. 

Fig. 7 is a graph for showing the relationship between the photocataiytic activity (amount of iodine generated) of a 
metal material obtained by heat treatment after forming an anodized layer and spraying time of titanium oxide. 

Fig. 8 is a graph showing the relationship between the photocataiytic activity (amount of iodine generated) of a 
metal mater.al obtained by heat treatment after forming an anodized layer and a thin layer containing titanium oxide 
powder and spraying time of titanium oxide. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A metal material having a photocataiytic activity of the present invention and a method of manufacturing the metal 
material will be explained below in further detail. 

A metal material having a photocataiytic activity of the present invention is made by laminating a layer having a pho- 
tocataiytic activity on the surface of a substrate composed of a metal material containing titanium. Fig 1 is a schematic 
cross-sectional view showing the structure of a metal material 10 having a photocataiytic activity of the present inven- 
tion. The metal material 10 having a photocataiytic activity has an anodized layer 14 on the surface of a substrate 12 
composed of a metal material containing titanium, and further has a thin layer 16 containing a titanium oxide powder 
having a photocataiytic activity on the outermost layer. 

The substrate composed of a metal material containing titanium used as the substrate in the present invention 
includes pure titanium and an alloy containing titanium. By anodically oxidizing the metal material containing titanium 
an anodized layer containing titanium oxide is formed on the substrate, and the titanium oxide has a photocataiytic 
activity. 

The metal material containing titanium may be pure titanium made of substantially 100 % titanium or an alloy con- 
tainmg titanium. However, in light of the photocataiytic performance of the metal material to be obtained, it is desirable 
25 that the content of titanium in the total alloy used for the substrate is not less than 90 %. 

In the present invention, the term "substantially" means that the metal material may contain an impurity or a mixture 
to the extent that it does not deteriorate the effects of the present invention. 

Further, a metal which forms an alloy together with titanium is not particularly limited so long as the metal is highly 
compatible with titanium. For example, a titanium alloy for general use such as a Ti-5AI-2.5 Sn alloy, a Ti-6AI-4V alloy 
30 or a Ti- 1 5Mo-5Zr-3AI alloy may also be used, according to objects. 

From the viewpoint of photocataiytic effect, it is desirable to use an element selected from the group of consisting 
of elements in Group 5 to Group 1 1 and Group 14 in the Periodic Table, which has a function to improve the photocat- 
aiytic activity when used together with titanium oxide. Among these elements, elements which can remarkably improve 
the photocataiytic activity such as. for example, platinum, gold, palladium, ruthenium, nickel, cobalt chromium and 
molybdenum are preferable. In view of manifesting a photocataiytic activity by forming an oxide, such as iron tungsten 
and zinc are also desirable. ' 

Further, as a result of measuring, by anodic polarization, an element having a function of improving the above- 
described photocataiytic activity in a 1 % aqueous phosphoric acid solution by volume at 25 °C which is an electrolytic 
aqueous solution used for anodic oxidation, it has been found that the element having particularly a large increase in 
photocataiytic activ.ty has a potential of 3 volts or less where an anode current is 5 x 1 0" 2 mA/cm 2 or more in a passive 
state region with respect to Ag/AgCI (silver/silver chloride reference electrode standard). Particularly, elements having 
such an effect includes nickel, ruthenium and chromium. 

A desirable amount of addition of these elements to be used in combination is from 0.005 to 2.0 % by weight based 
on the total weight of the metal substrate. When the amount of addition is less than 0.005 % by weight it is difficult to 
obtain a desirable increase in photocataiytic activity, and when the amount of addition exceeds 2.0 % by weight there 
is a possibility of deterioration of workability or reduction in stiffness of the metal material containing titanium resulting 
in causing difficulty to apply the metal material as a construction material. 

When the above-described anodic oxidation is carried out. the content of titanium oxide [Ti0 2 ] becomes higher at 
a portion close to the surface and the proportion of titanium [Ti] becomes higher inside the substrate # so that a larger 
amount of titanium oxide having photocataiytic activity on the surface portion contributing to the photocataiytic reaction 
is located. Therefore, an efficient photocataiytic activity can be manifested and a photocatalytically active layer with 
excellent strength and durability can be formed by the integration of the anodized layer with the metal material as the 
substrate. 

Although titanium oxide is used as a substance manifesting the photocataiytic function in the present invention 
substances as described in the Japanese Patent Application Publication (JP-B) No. 2-9850 are generally exemplified 
as semiconductors exhibiting the photocataiytic function. Particularly, these substances which are widely known include 
titanium oxide, iron oxide, tungsten oxide, zinc oxide, strontium titanate. and the like. Although a metal material contain- 
ing titanium which is the raw material of titanium oxide that is particularly excellent in photocataiytic effect is mainly used 
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as the metal material having photocatalytic activity in the present invention, it is also possible to use suitably the above- 
described semiconductor materials or metal materials for forming these semiconductor materials, such as aluminum, 
stainless steel and zinc. 

The substrate composed of a metal material containing titanium is fabricated into a panel shape, a foil shape or any 
5 other desired shape suitable for the shape in use. followed by anodic oxidation. This material may also be pre-proc- 
essed such as a heat treatment prior to the anodic oxidation. The substrate after having been fabricated in a desired 
shape is then surface cleaned and. thereafter subjected to oxidation. The oxidation processing is preferably anodic oxi- 
dation in an aqueous electrolytic solution from the viewpoint that it is possible to carry out a uniform and dense process- 
ing, simple processing even for a complex shape, and that the anodic oxidation provides an excellent strength to a layer 
10 having a photocatalytic activity. 

When the oxidation processing is carried out, the surface portion of the metal material containing titanium is oxi- 
dized and an anodically oxidized layer containing titanium oxide can be formed. 

Fig. 2 is a schematic view showing an anodic oxidation processing apparatus. 

A formed body 12 (a plate shape in Fig. 2) composed of a metal material containing titanium formed in a desired 
15 shape and subjected to pre-processing is connected to an anode 1 8. A pure titanium plate 1 6 is connected to a cathode 
20. A cell 22 is filled with an aqueous solution containing a suitable electrolyte (a 1 % aqueous phosphoric acid solution 
by volume at 25 °C in this embodiment), and the formed body 12 and the pure titanium plate 16 are immersed in the 
solution. A power is supplied from a DC power supply unit 30 while observing a voltmeter 26 and an ammeter 28 and 
adjusting a DC current so that an anodic oxidation processing is carried out at a few volts to a several hundred volts. 
20 Namely, the formed body 12 of metal material obtained is attached to the anode 1 8 of the anodic oxidation processing 
apparatus as shown in Fig. 2 and is anodically oxidized at a voltage of from 10 to 250 V in a 1 % aqueous phosphoric 
acid solution by weight, thereby to oxidize the metal material, particularly titanium included therein, and form a titanium 
oxide layer 14 (an anodized layer) having a layer thickness of several hundred A to several thousand A on the surface 
of the formed body. 

25 The degree of the anodic oxidation processing is adjusted according to the desired photocatalytic activity and the 
color hue. Since the titanium oxide layer 14 exhibits various colors depending on the layer thickness and the layer thick- 
ness of titanium oxide is almost proportional to the anodic oxidation voltage, it is possible to obtain metal materials hav- 
ing various colors by controlling the oxidation voltage. It is desirable that the layer thickness of the anodized layer to be 
formed is from about 200 to 5000 A from the viewpoint of obtaining a superior designing characteristic and an excellent 

30 photocatalytic activity. 

Since a fine and uniform surface oxidation becomes possible according to the anodic oxidation processing, even a 
metal material having a complex shape can be easily processed to have a uniform and excellent photocatalytic function. 

In order to fix the anodized layer formed on the surface of the metal material substrate to improve the strength, 
adhesiveness and photocatalytic function, it is effective to carry out an atmospheric oxidation processing after forming 

35 the anodized layer. The atmospheric oxidation processing is a heat treatment carried out in the atmosphere. It is desir- 
able to carry out the heat treatment under the condition of a temperature in the range of from 200 to 600 °C, and more 
preferably from 230 to 300 °C for a period of 30 to 150 minutes. When the temperature is too low or when the process- 
ing time is too short, effects of improving the strength and adhesiveness of the oxidized layer become insufficient On 
the other hand, when the temperature is too high, the color of the layer is changed to grey, resulting in deterioration of 

40 designing property Further, the improvement of the strength and adhesiveness of the layer is saturated in the process- 
ing time of from 150 to 300 minutes, and no further improvement can be observed when the processing is carried out 
in excess of this period of time. Therefore, excess period of time for processing is not economically desirable. 

In order to obtain a further effective photocatalytic activity such as deodorizing, antifungal and sterilizing functions, 
a thin layer containing titanium oxide powder is coated on the surface of the anodized layer. A method for forming a thin 

45 layer containing titanium oxide powder includes a method for coating titanium oxide powder having photocatalytic activ- 
ity as such or a dispersion of the titanium oxide powder dispersed suitably therein onto the surface of the anodized layer. 
It is desirable that the layer thickness of the thin layer containing titanium oxide powder is in the range of from 200 A to 
2 jim. When the layer thickness is less than 200 A, it is difficult to obtain sufficient photocatalytic activity, and when the 
layer thickness exceeds 2 nm, the light transmissivity (transparency) of the thin layer containing powder decreases so 

so that there is a fear of deterioration of color hue of the anodized layer. 

The titanium oxide powder to be used may be the one modified by an element having a function for improving the 
photocatalytic function. This element is the element that can coexist with titanium oxide and that can become a reducing 
reaction site in a photocatalytic reaction, such as an element in Groups 5 to 1 1 and Group 14 in the Periodic Table. It is 
preferable to select such an element from the group consisting of platinum, gold, palladium, silver, copper, ruthenium, 

55 nickel, cobalt, chromium and molybdenum, which are particularly effective. Among these elements, platinum, gold, pal- 
ladium, ruthenium, nickel, chromium and silver are desirable from the viewpoint of deodorizing and antifungal effects. 
From the viewpoint of workability and cost, palladium, ruthenium, nickel and chromium are particularly preferable. 
As titanium oxide to be coated, titanium oxide powder commercially available can also be used. It is also possible 
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to prepare the titanium oxide powder by a convdentionaJ method such as. for example, a baking method of titanium at 
a high temperature, an electric oxidation, a chemical vapor deposition method, a vacuum deposition method, a copre- 
cipitation method, a metal halogenation method, a neutralization or hydrolysis method of an inorganic metal salt, a 
hydrolysis of metai alkoxide and a sol-gel method. The modification of the element of titanium oxide with the above 
described elements can be carried out by a known method such as an impregnation method, a precipitation method, 
an ion exchange method, a photoelectrical analysis method, a mixing method and the like. 

In the present invention, as a method for forming a thin layer containing a titanium oxide powder on the surface of 
the anodized layer, at least one method is selected from, for example, a spray coating method, a dip coating method, a 
spin coating method and a sputtering method. By these methods, it is possible to form a thin layer containing a titanium 
oxide powder on either a part of or on the whole surface of the anodized layer formed on a manufactured metal material 
having either a flat surface, a curved surface or a complex surface. A thin layer containing titanium oxide powder formed 
by these methods has a photocatalytic activity and exhibits deodorizing and antifungal functions, however, generally 
there are many cases where there are problems in the strength and adhesiveness of the layer due to the porous struc- 
ture visible when the layer is microscopically observed. However, in the present invention, since a fine anodized layer 
with excellent strength and adhesiveness is formed as the lower layer of this thin layer, it is possible to obtain excellent 
strength and adhesiveness in the film as a whole. 

Further, it is desirable to carry out heat treatment after the formation of the thin layer containing a titanium oxide 
powder in order to improve the strength and adhesiveness of the thin layer containing titanium oxide powder. The heat 
treatment method can be selected based on the strength and the photocatalytic requirements of the portions where the 
material having photocatalytic properties is applied. Similarly to the above-described atmospheric oxidation processing, 
it is desirable to carry out the heat treatment for 10 to 300 minutes at a temperature within a range from 200 to 600 °C. 
A more preferable temperature range is from 230 to 300 °C and a more preferable treatment time is from 30 to 150 min- 
utes. When the heating time is less than 10 minutes or when the temperature is less than 200 °C, there is insufficient 
improvement in the layer strength and adhesiveness. On the other hand, when the temperature exceeds 600 °C, the 
coloring of the anodized lower layer changes to grey resulting in fewer design options, which is not desirable. Further, 
no more improvement can be observed when the heat treatment is carried out for a period in excess of 300 minutes, 
nor is this treatment economically desirable. 

It is therefore desirable to carry out the heat treatment for approximately 30 to 150 minutes in an electric furnace, 
for example, and thereafter to allow the film to cool gradually to room temperature. When cooling is carried out too rap- 
idly, cracks occur due to the difference in the thermal expansion coefficients of the layers and the substrate, which low- 
ers the adhesiveness and thus is not desirable. 

By setting the thickness of the thin layer at around a few jim, the thin layer becomes both transparent and potocat- 
alytic. 

Accordingly, it becomes possible to achieve a high photocatalytic performance from the two-layer structure without 
losing the effects of color and luster of the anodized layer formed between the substrate and this thin layer. 

When the above-described atmospheric heat treatment is carried out after forming the thin layer containing titanium 
oxide powder, the heat treatment after forming the anodized layer can be omitted. In other words, it is possible to obtain 
a photocatalytically active metal material having the same characteristics when the heat treatment is carried out after 
the two layers of the anodized layer and the thin layer containing titanium oxide powder have been formed. 

It is desirable to obtain as an end result a structure which has an anodized layer on the surface of the substrate 
comprising a metal material which includes a metal selected from titanium, aluminum, stainless steel, and zinc, and 
which has a composition different from that of the metal material comprising the mother phase on the surface of the 
anodized layer, with metal oxide particles of a particle size ranging from 0.1 to 10 urn being finely dispersed in the 
mother phase. This is desirable from the viewpoint that it enables an improvement in the resistance to peeling of the 
surface oxidized layer, an improvement in the wear resistance of the dispersed particles, and an improvement in the 
optical reaction by a local battery effect between the dispersed particles and the mother phase to be achieved. 

EXAMPLES 

(Examples 1 to 3) 

Pure titanium for industrial use containing titanium and a small amount of unavoidable impurities was smelted and 
its ingot was hot rolled at a temperature of 90 °C into a tabular shape with a width of 1 10 mm and a thickness of 1 mm. 
This tabular material was acid pickled in an aqueous fluorine solution of 5 % by weight so that the oxidized layer on the 
surface was removed. 

It was then cut into 50 mm square metal tiles with a 1 mm thickness. 

A metal tile was then mounted to an anode of the anodic oxidation apparatus shown in Fig.. 2 and was anodically 
oxidized at a voltage of 110 V in an aqueous phosphoric acid solution of 1 % by weight, so that titanium included in the 
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metal material was oxidized and a titanium oxide layer (an anodized layer) with a thickness of about 2000 A was formed 
on the surface. This tile had a lustrous pink color hue. 

A coating apparatus using the spray pyrolysis method as shown in Fig. 3 was disposed above the surface of the 
anodized layer 12 of the metal tile, and titanium oxide powder was coated on the surface. A liquid containing 1.31 g of 

5 titanium (IV) acetylacetone dissolved in 100ml of ethand was put in a vessel 34, and this liquid was mixed with an argon 
gas (0.5 ata : 8 ml/min) through a bent tube nozzle 36. The mixture was sprayed on the surface of a test piece 12 (A) 
The test piece was held at a temperature of 370 °C by a heater 32, and thus a thin layer containing titanium oxide pow- 
der was formed on the surface. 

Metal tiles were obtained for Examples 1. 2 and 3, by setting the spray times for 20 minutes. 1 hour and 2 hours 

w respectively. 

Changes in the photocataiytic activity of the metal materials obtained were measured. The thickness of the thin lay- 
ers containing titanium oxide powder were 200 A, 2000 A and 4000 A respectively. 

The photocataiytic activity was measured by the potassium iodide decomposition method. Namely, a test piece was 
dipped into an aqueous potassium iodide solution (0.1 mo!/cm 3 ) so that the photocatalytically active surface becomes 

15 a light receiving surface, and this surface was irradiated with a black light (with an ultraviolet ray intensity of 2.6 
mW/cm 2 ). The amount of idione generated when the potassium iodide is decomposed by photocataiytic activity was 
measured and the photocataiytic activity was evaluated in such a way that the photocataiytic activity is higher when 
there exists a higher amount of iodine generated (x 10" 5 mol/30 min). 

The results are shown in Fig. 4. Fig. 4 is a graph showing the relationship between photocataiytic activity [the 

20 amount of iodine generated (x 10" 5 mol/30 min) and the spray time of the titanium oxide. As shown in Fig. 4, it has been 
known that a metal tile formed with a thin layer containing titanium oxide powder on top of an anodized layer contains 
a higher amount of iodine generated and has superior photocataiytic activity as compared with a metal tile having only 
an anodized layer. It has also been known that when spraying is carried out for more than 30 minutes (giving a layer 
thickness of at least 200 A), remarkable photocataiytic activity is obtained and that, within this test time, higher photo- 

25 catalytic activity is obtained when the titanium oxide spray time is longer. 

(Examples 4 to 8) 

Metal tiles were obtained in a similar manner to that of Example 1 , except that the voltage for the anodic oxidation 
30 was changed to 1 0 V, 20 V, 1 1 0 V, 200 V and 300 V and the thickness of the anodized layer was changed to 1 00 A. 200 
A, 2000 A, 5000 A and 6000 A. 

Photocatalytically active metal materials were obtained as Examples 4 to 8, by spray coating titanium oxide powder 
onto the surface of the anodized layer of the metal tiles in a similar manner to that of Example 3, so that a thin layer 
containing titanium oxide powder of 4000 A was formed. The color hues of the tiles obtained were observed, and the 
35 results are shown in the following Table 1 . 

(Examples 9 to 11) 

A thin layer containing titanium oxide powder was formed in a similar manner to that of Example 1 on a metal tile 
40 having an anodized layer of 2000 A obtained in a similar manner to that of Example 6. The spray times were changed 
to 8 hours, 1 0 hours and 1 2 hours, and photocataiytic metal materials formed with thin layers containing a titanium oxide 
powder having thicknesses of 1 .6 ^m, 2.0 \im and 2.4 ^m respectively were obtained. The colors of the tiles obtained 
were observed, and the results are shown in the following Table 1 . 
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The observations of Examples 4 to 8 showed almost no change in the color tones of the metal materials of Example 
4 from the tones of the metal titanium substrates. However, tones corresponding to the thickness of the anodized layer 
were observed for Examples 5 to 8. Metal materials giving excellent design options were obtained. It was found that 
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Examples 4 to 8 provided materials of various kinds of color tones having a metallic luster and having an appearance 
that could be applied to various fields to meet various purposes. Particularly, Examples 5 to 7 of the 200 to 5000 A ano- 
dized layers have beautiful color tones with luster due to the anodized layer and these provide metal materials with 
excellent design options. 

5 From the observation of Examples 9 to 11 . it was found that Examples 9 and 10 with the thin layer containing a tita- 

nium oxide powder up to 2.0 jim do not lose the lustrous pink color tone from the anodized layer. However, Example 1 1 
of the thin layer with 2.4 >im provided an overall white nebulous color so that the color tone of an anodized layer was not 
obtained. 

w (Examples 12 to 14) 

Photocatalytically active metal materials with thin layers including titanium oxide powder of 200 A, 2000 A, and 
4000 A were obtained as Examples 12 to 14, by first obtaining metal materials by forming an anodized layer of 2000 A 
in similar conditions to that of Example 1 on a titanium-based alloy comprising 0.1 % by weight palladium with the bal- 
15 ance formed by titanium and unavoidable impurities, and then by spray coating these metal materials for different spray 
times in similar conditions to those of Examples 1 to 3. 

Photocatalytic activity was observed for these metal materials in similar conditions to those of Examples 1 to 3. 
The results are shown in Fig. 5. Fig. 5 is a graph showing the relationship between photocatalytic activity [the 
amount of iodine generated (x 10" 5 mol/30 min) and the spray time of the titanium oxide. As shown in Fig. 5, it was dis- 
20 covered in Examples 12 to 14, that metal tiles formed with a thin layer containing titanium oxide powder on an anodized 
layer included a higher amount of generated iodine and had superior photocatalytic activity where palladium was 
included, similarly to Examples 1 to 3, as compared with metal tiles having only an anodized layer. 

It was also found that when spraying was carried out for more than 30 minutes (giving a layer thickness of at least 
200 A), remarkable photocatalytic activity was obtained and that higher photocatalytic activity was obtained when the 
25 titanium oxide spray time was longer. Further, as is clear from Fig. 5 in which a comparison is made with the graph of 
Fig. 4 shown by a broken line (for Examples 1 to 3 based on pure titanium as a substrate), a metal material using a sub- 
strate containing palladium exhibited superior photocatalytic activity as compared with the metal material using pure 
titanium as a substrate. 

30 (Examples 15 to 18) 

Fig, 6 is a graph showing an anodic polarization curve of titanium and various titanium alloys in a 1 % aqueous 
phosphoic acid solution by volume at 25 °C, for pure titanium, a Ti-Ni alloy with 0.2 % of Ni by weight, a Ti-Ru alloy with 
0.2 % of Ru by weight, a Ti-Cr alloy with 0.2 % of Cr by weight, a Ti-Pd alloy with 0.2 % of Pd by weight, and a Ti-Pd- 
35 Ru-Ni-Cr alloy. 

In the case of pure titanium, a passive state region is obtained and a stable passivated current density is shown 
when the potential is up to near 3 V for Ag/AgCl (silver/silver chloride reference electrode standard), but the anode cur- 
rent suddenly increases when the potential is 3 V or above for Ag/AgCl. 

In the case of the Ti-Pd alloy, the rising of the anode current shifts to the higher potential side, and the value of the 
40 anode current is kept low. 

On the other hand, in the case of the Ti-Ni alloy, Ti-Ru alloy, Ti-Cr alloy and the Ti-Pd- Ru-Ni-Cr alloy, the anode cur- 
rent rises to approximately 1 to 2 V for Ag/Ag CI which is a lower potential than that of pure titanium. 

Photocatalytically active metal materials were obtained as Examples 15 to 18 shown in Fig. 5 together with Exam- 
ple 14, by carrying out an anodic oxidation and a spray coating onto these titanium alloys under similar conditions to 
45 that of Example 3. 

Photocatalytic activity was evaluated for these metal materials by the potassium iodide decomposition method in 
similar manners to that of Examples 1 to 3. 

Table 2 shows the relationship between the various titanium alloys and the amount of iodine generated. The results 
for pure titanium are based on the data from the two-hour spray coated material shown in Fig. 4 (Example 3), and the 
so results for the Ti-Pd alloy are based on the data from the two-hour spray coated material shown in Fig. 5 (Example 14). 
In the case of the Ti-Ni alloy, the Ti-Ru alloy, the Ti-Cr alloy, and the Ti-Pd-Ru-Ni-Cr alloy, there is a larger amount of 
iodine generated than for pure titanium and the Ti-Pd alloy, and photocatalytic activity is superior. Particularly, it was 
found that the Ti-Ru alloy and the Ti-Ni alloy with a lower potential at which the anode current rises, show a high amount 
of iodine generated in anodic polarization. 

55 
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(Examples 19 to 21) 

PhotocatalyticaJly active metal materials were obtained as Examples 1 9 to 21 in a similar manner to those of Exam- 
15 pies 1 to 3, except that metal materials formed with an anodized layer were heat processed for 2 hours at in an atmos- 
phere of 250 °C. 

Photocatalytic activity was measured for these metal materials under a similar conditions to those of Examples 1 

to 3. 

The results are shown in Fig. 7. Fig. 7 is a graph for showing the relationship between photocatalytic activity [iodine 
20 generation amount (x 1 0" 5 mol/30 min)] and the spray time of titanium oxide. As shown in Fig. 7, it was discovered that 
metal tiles formed with a thin layer containing titanium oxide powder on an anodized layer had superior photocatalytic 
activity in Examples 19 to 21 , where heat treatment was carried out after forming an anodized layer, as compared with 
metal tiles having only an anodized layer. It was also discovered that when spraying was carried out for more than 30 
minutes (giving a layer thickness of at least 200 A), remarkable photocatalytic activity was obtained and that increased 
25 photocatalytic activity was obtained when the titanium oxide spray time was longer. Further, as is clear from Fig. 7 in 
which a comparison is made with the graph-of Fig. 4 shown by a broken line (for Examples i to 3), a metal material heat 
treated after forming an anodized layer exhibited superior photocatalytic activity as compared with Examples 1 to 3 in 
which heat treatment was not carried out. 

30 (Examples 22 to 24) 

PhotocatalyticaJly active metal materials were obtained as Examples 22 to 24 in a similar manner to those of Exam- 
ples 1 to 3, except that metal materials formed with an anodized layer and a thin layer including titanium oxide powder 
were heat treated for 2 hours at 300 °C. 

35 Photocatalytic activity was measured for these metal materials under similar conditions to those of Examples 1 to 3. 
The results are shown in Fig. 8. Fig. 8 is a graph for showing the relationship between photocatalytic activity [iodine 
generation amount (x 10* 5 mol/30 min)] and the titanium oxide spray time. As shown in Fig. 8. it was discovered that 
metal tiles formed with a thin layer containing titanium oxide powder on an anodized layer had superior photocatalytic 
. activity in Examples 22 to 24 where heat treatment was carried out after the formation of an anodized layer and the thin 

40 layer containing titanium oxide powder, as compared with the metal tiles having only an anodized layer. It was also 
found that when spraying was carried out for more than 30 minutes (giving a layer thickness of at least 200 A), remark- 
able photocatalytic activity was obtained and that higher photocatalytic activity was obtained when the spray time of tita- 
nium oxide was longer. Further, as is clear from Fig. 8 in which a comparison is made with the graph of Fig. 4 shown by 
a broken line (for Examples 1 to 3), a metal material heat treated after the formation of an anodized layer and a thin 

45 layer containing titanium oxide powder exhibited superior photocatalytic activity as compared with Examples 1 to 3 in 
which heat treatment was not carried out. 

(Comparative Example 1) 

so Photocatalytically active metal material was obtained for Comparative Example 1 in a similar manner to that of 
Example 3, except that the metal material was not formed with an anodized layer, and a thin layer containing titanium 
oxide powder (layer thickness 4000 A) was formed directly on the surface of the metal tile in Example 3. 

[Evaluation of layer strength] 

55 

Adhesiveness between a thin layer and the substrate was evaluated by a scratch test with a diamond indenter hav- 
ing a tip end diameter of 10 um.for Example 3, Example 20 and Comparative Example 1 . where thin layers containing 
titanium oxide powder of the same layer thickness (4000 A) were formed. The results are shown in the following table 3 
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Table 3 
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As is clear from Table 3. Comparative Example 1 , where a thin layer containing titanium oxide powder was formed 
directly on the titanium substrate, requires a low vertical load to remove the layer, but Example 3, where the thin layer 
20 containing titanium oxide powder was formed on the anodized layer required a high vertical load to remove the layer 
with the adhesiveness having no practical problems. Further, it was confirmed that Example 24, where heat treatment 
was carried out after the formation of an anodized layer and a thin layer containing titanium oxide powder, required a 
higher vertical load to remove the layer and had excellent adhesiveness. 

25 (Examples 25 to 29) 



30 



35 



The metal materials of Examples 25 to 29 were obtained, by first forming an anodized layer in a similar manner to 
that of Example 1, forming a thin layer containing titanium oxide powder of a thickness of 4000 A by the spin coating 
method, the dip coating method, the sputtering method, the dispersed plating method, and the resin coating method 
instead of the spray coating method (i.e. the spray pyrolysis coating method), and then heat treating these materials for 
2 hours at 300 °C. 

For each of the above, photocatalytic activity was evaluated in a similar manner to that of Example 1 , and adhesive- 
ness between the thin layer and the substrate was evaluated by a scratch test with a diamond indenter having a tip end 
diameter of 10 *im for Example 3, Example 20, and Comparative Example 1, where a thin layer containing a titanium 
oxide powder of the same thickness (4000 A) was formed. 

the results are shown in the following Table 4, together with the results of Example 24 which were evaluated in a 
similar manner. 
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As shown in Table 4, rt was foumed that a metal material obtained by forming a thin layer containing titanium oxide 
powder by any one of the above-described methods, exhibits superior photocatalytic activity as compared with a metal 
material having a single anodized layer. Among others, Examples 24 to 27 where a thin layer containing titanium oxide 
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powder was formed by the spray coating method, the spin coating method, the dip coating method, and the sputtering 
method exhibited superior photocatalytic activity as compared with Examples 28 and 29 where a thin layer containing 
titanium oxide powder was formed by the dispersion plating method and the resin coating method. It was also confirmed 
that all the examples exhibited excellent adhesiveness between the thin layer and the substrate, with a layer strength 

5 suitable for practical use. 

The metal materials obtained by the manufacturing method of the present invention exhibited superior photocata- 
lytic activity as compared with the comparative materials, with excellent resistance to peeling characteristic of the tita- 
nium oxide layer formed on the surface. Further, the surface had a lustrous hue with pink, green and blue color hues, 
with a beautiful and desirable appearance. 

10 Based on the above-described results, the metal materials having the photocatalytic activity of the present inven- 
tion were excellent in photocatalytically active tasks and had sufficient strength and durability to be used for construc- 
tion materials. 

They also offered excellent design options to match various purposes because of the hue and luster obtained. Par- 
ticularly, Examples 1 to 3, 5 to 7, 9 and 10 where the layer thickness of the anodized layer is 200 to 5000 A and the layer 
is thickness of the thin layer containing titanium oxide powder is 200 A to 2 were excellent for designing. Also, further 
excellent adhesiveness and durability were obtained by carrying out heat treatment after forming an anodized layer 
and/or a thin layer containing titanium oxide powder. 

On the other hand, it was discovered that Comparative Example 1 where only a thin layer containing titanium oxide 
powder is formed had inferior resistance to peeling characteristics and therefore is not suitable for use in areas where 
20 durability is required such as for construction materials. 

The metal material having the photocatalytic activity of the present invention can be manufactured by carrying out 
an anodic oxidation, a titanium oxide coating, as well as a desired heat treatment of the metal material that has been 
processed into the desired shape as described above. It is also possible to manufacture a thin film like substrate from 
a metal material beforehand, then perform anodic oxidation and titanium oxide coating on it. to provide a thin layer 
25 material having a photocatalytic activity for application as a covering material to be adhered to other underground mate- 
rial. 

The metal material of the present invention can be used directly as a metal tile or as an interior finishing material, 
or it can also be used as a composite material when formed in a thin panel metal material having the structure of the 
present invention, by being connected with ceramics, mortar, glass, iron panels, aluminum panels, etc. which are exist- 
30 ing construction materials. By connecting the metal material onto an existing material as described above, it becomes 
possible to reduce the amount of the metal material having photocatalytic activity and to provide various kinds of com- 
posite materials having excellent photocatalytic activities such as deodorizing and antifungal functions. 

The metal material of the present invention is excellent in photocatalytic activities such as deodorizing and antifun- 
gal functions, has sufficient strength and durability for application as a construction material, and can achieve the hue 
35 and luster to meet various purposes, affording excellent design options. Further, according to the method of manufac- 
turing the metal material of the present invention, it is possible to manufacture easily a metal material excellent in dura- 
bility, deodorizing and antifungal effects, and designing. 

The features disclosed in the foregoing description, in the claims and/or in the accompanying drawings may, both 
separately and in any combination thereof, be material for realising the invention in diverse forms thereof. 

40 

Claims 

1. A metal material having a photocatalytic activity, provided by sequentially laminating an anodized layer and a thin 
layer containing titanium oxide powder onto the surface of a substrate comprising a metal material including tita- 

45 nium as a substrate. 

2. A metal material having a photocatalytic activity according to claim 1 , wherein said anodized layer is heat treated. 

3. A metal material having a photocatalytic activity according to claim 1 or 2, wherein the layer thickness of said ano- 
50 dized layer is 200 to 5000 A and the layer thickness of said thin layer containing titanium oxide* powder is 200 A to 

2 urn. 

4. A metal material having a photocatalytic activity according to any one of claims 1 to 3, wherein said substrate com- 
prising said metal material including titanium contains at least one element selected from the group consisting of 

55 elements in Group 5 to Group 11 and Group 14 in the Periodic Table in an amount of 0.005 to 2.0 % by weight 
based on the total weight of said substrate. 

5. A metal material having a photocatalytic activity according to any one of claims 1 to 3, wherein said metal material 
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including titanium contains at least one of Ni. Ru and Cr in an amount of 0.005 to 2.0 % by weight based on the 
total weight of said substrate. 



6. A metal material having a photocatalytic activity according to claim 5. wherein the potential at which an anode cur- 
rent becomes 5 x 10* 2 mA/cm 2 or above in a passive state region is 3 V or below for Ag/AgCI (silver/silver chloride 
reference electrode standard) when said metal material including titanium is measured by anodic polarization in a 
1 % aqueous phosphoric acid solution by volume at 25 °C. 

7. A metal material having a photocatalytic activity according to claim 5. wherein said metal material has an anodized 
layer on the surface of said substrate comprising said metal material including titanium, and metal oxide particles 
having a particle diameter ranging from 0.1 to 10 jim and having a different composition from that of said metal 
material containing titanium are finely dispersed on the surface of said anodized layer. 

8. A metal material having a photocatalytic activity according to any one of claims 1 to 6, wherein said metal material 
has an anodized layer on the surface of a said substrate comprising said metal material containing a metal selected 
from aluminum, stainless steel and zinc, and metal oxide particles having a particle diameter ranging from 0.1 to 
1 0 urn and having a different composition from that of said metal material are finely dispersed on the surface of said 
anodized layer. 

9. A method of manufacturing a metal material having a photocatalytic activity, composing the steps of: 

anodically oxidizing a metal material including titanium to form an anodized layer on the surface of said metal 
material; 

heat treating said metal material at a temperature ranging from 200 to 600 °C to fix said anodized layer; and 
coating a thin layer containing titanium oxide powder onto the surface of said fixed anodized layer. 

10. A method of manufacturing a metal material having a photocatalytic activity, composing the steps of: 

anodically oxidizing a metal material including titanium to form an anodized layer on the surface of said metal 
material; 

coating a thin layer containing a titanium oxide powder on the surface of said anodized layer; and 

heat treating said metal material at a temperature ranging from 200 to 600 °C to fix said anodized layer and 

said thin layer containing titanium oxide powder 

1 1 . A method of manufacturing a metal material having a photocatalytic activity according to claim 9 or 10, wherein said 
method for coating said thin layer containing titanium oxide powder is a method selected from the group consisting 
of: a spray coating method; a spin coating method; a dip coating method; and a sputtering method. 
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FIG .3 




16 



EP 0 853 142 A1 




(NIW 0C/1OW S .0I X) 

aaj«VHaN3D aNiaoi ao !Noowy 



17 



EP 0 853 142 A1 




EP 0 853 142 A1 




19 





s 

< 
W 

Ch 

Eh 
< 

X 



a: 
w 

< 
J 

D 
W 

tsJ 



2 

O 

a; 

H 
< 



O 
ID 



O 



o 

CO 



o 

eg 



(niw oe/'iow s .oi x) 

CiaJ,Va3N3D 3NIQ0I dO JiNflOWY 



20 



EP 0 853 142 A1 




21 



EP 0 853 142 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 98 10 0459 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.6) 



x.p 



CHEMICAL ABSTRACTS, vol. 127, no. 23, 

8 Oecember 1997 

Columbus, Ohio, US; 

abstract no. 321469, 

YASUNA6A, TATSUYA: "Development of 

antibacterial titanium materials" 

XP002059364 

* abstract * 

& KINZOKU (1997), 67(10), 870-873 CO0EN: 
KNZKAI; ISSN: 0368-6337, 
1997, 

DATABASE WPI 

Section Ch, Week 9627 

Derwent Publications Ltd., London, GB; 

Class D22, AN 96-264059 

XP002059768 

& JP 08 109 497 A (H0RIE KK) 

* abstract * 



1,2,9 



C25D11/26 
B01J37/34 



US 5 501 801 A 
1996 



(ZHANG YIN ET AL) 26 March 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.6) 



C25D 

B01J 



The present search report has been drawn up lor all claims 



THE HAGUE 



Oat* of completion of the Match 

20 March 1998 



Examiner 

Van Leeuwen, R 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

6\ : member of the same patent family, corresponding 
document 



22 



